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AB We have developed an in vitro differentiation model for human Th 
cells to study the role of cytokines and accessory cell-dependent 
costimulatory signals in this process. Peripheral blood-derived CD4+ 
"naive" (CD45RA+ RO-) T cells were stimulated in weekly 
intervals with immobilized anti-CD3 mAb, accessory cells, and 
exogenous cytokines, and were analyzed for cytokine secretion 
pattern. With the B cell line JY (B7-1+ B7-2+) , 

as source of accessory cells, we could generate distinct Th subsets. 
Coculture with the combination of recombinant human (rh) IL-lbeta 
and rhIL-6 gave rise to ThO-like cells, which secreted low levels of 
IFN-gamma and IL-5. The addition of rhIL-12 led to the generation of 
Thl-like cells, which secreted high levels of IL-2, IFN-gamma, 
TNF-alpha, and upon multiple stimulations, significant levels of 
IL-10. The presence of rhIL-4 induced Th2-like cells that 
secreted high levels of IL-5 and IL-13, but undetectable levels of 
IL-4 . Only after stimulation with phorbol ester and 
calcium ionophore could these Th2-like cells be induced to 
secrete significant levels of IL-4, indicating distinct 
stimulatory requirements for the induction of IL-5 and IL-13 
compared with IL-4. The B7-l-negative monocytic cell line U937 could 
only provide accessory cell-dependent costimulatory signals for the 
generation of Thl-like cells, while B7-l-transf ected U937 cells 
acquired the capacity to provide costimulation for the generation of 
Th2-like cells. These results indicate a differential 
dependence on CD2 8-mediated costimulation for the 
generation of human Thl-like and Th2-like cells. 
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AB In this review, a sequential multiple-step model for T-cell 

activation is proposed. In a series of in vitro studies, highly 

purified freshly isolated human peripheral blood T lymphocytes were 

stimulated through the CD28 receptor, with mAb or 

with natural ligands B7-1 or B7-2, along with 

TCR stimulation, in the absence of other costimulatory 

interactions. Ligation of the CD28 receptor, along with 

stimulation of the TCR, was found to up-regulate pleiotropic 

in vitro activities, including the secretion of both Thl and 

Th2-type cytokines, B-cell help, and the development of 

cytotoxic activity. This costimulatory action involves CD4+ and CD8+ 

as well as naive and memory T-cell subsets. The expression of B7-1 

and B7-2 on professional APC in situ in both 

normal and pathological tissues, and its up-regulation on monocytes 
by GM-CSF and IFN-gamma is consistent with this role. Additional 
studies have addressed the contribution of interactions between 
CD28 and B7-1 and B7-2 in T-cell 

activation initiated by normal un-engineered APC, such as 
stimulation with recall antigens and primary MLR. Blockade 
of the interaction between CD28 and B7-1/B7- 

2 under these conditions failed to completely inhibit T-cell 
responses or to induce anergy. Complete inhibition and anergy were, 
however, induced with a combination of CsA, targeting downstream 
TCR-triggered signalling, as well as anti-B7-l- and anti-B7 
-2-directed reagents. Interestingly, and in contrast to 
anti-LFA-1 mAb, the addition of anti-B7-l or anti-B7- 
2 reagents could be delayed until at least 48 h after the 
initiation of T-cell stimulation, indicating a requirement 
for a late interaction between CD28 and its 

counter-receptors. Interactions between CD40L on activated T cells 
and CD4 0 on APC may serve to sustain, enhance or prolong the 
presentation of B7-1 or B7-2 on the APC, and 

thus to prevent anergy induction, or ineffective or abortive T-cell 
stimulation. Based on these data a sequential multiple- step 
T-cell activation model is proposed, and novel strategies for 
immuno- intervention can be designed. 
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AB Recent data implicates a role for the CD40-CD40 ligand (CD40L) 
pathway in graft rejection. One potential mechanism is direct 
costimulation of T cells through CD40L. Alternatively, the ability 
of CD40 stimulation to induce CD80 (B7-1) and CD86 ( 
B7-2) expression on antigen-presenting cells 

(APCs) has led to the hypothesis that the role of CD40-CD40L 
interactions in transplant rejection might be indirect, i.e., to 
promote the costimulatory capacity of APCs. Here, we have used a 
murine vascularized cardiac allograft model to test this hypothesis. 
Treatment of the recipients with donor splenocytes and a single dose 
of anti-CD40L mAb induces long-term graft survival (> 100 days) in 
all animals. This is associated with marked inhibition of intragraft 
Thl cytokine [interferon gamma and interleukin (IL) 2] and IL-12 
expression with reciprocal up-regulation of Th2 cytokines 
(IL-4 and IL-10) . In untreated allograft recipients, CD86 is 
strongly expressed on endothelial cells and infiltrating mononuclear 
cells of the graft within 24 hr. In contrast, CD80 expression is not 
seen until 72 hr after engraftment. Anti-CD40L mAb has no detectable 
effect on CD86 up-regulation, but almost completely abolishes 
induction of CD80. However, animals treated with anti-CD80 mAb or 
with a mutated form of CTLA4Ig (which does not bind to CD8 6) 
rejected their cardiac allografts, indicating that blockade of CD80 
alone does not mediate the graft-prolonging effects of anti-CD40L 
mAb. These data support the notion that the role of CD40-CD40L in 
transplant rejection is not solely to promote CD80 or CD86 
expression, but rather that this pathway can directly and 
independently costimulate T cells. These data also suggest that 
long-term graft survival can be achieved without blockade of either 
T cell receptor-mediated signals or CD28-CD86 engagement. 
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AB The CD28/CTLA-4 ligands, B7-1 (CD8 0) and B7- 
2 (CD86) , provide a co- stimulatory signal 

necessary for optimal T cell activation. We have examined the effect 
of blocking B7-1 and B7-2 in an in vitro system 

using ovalbumin-specif ic T cells from alpha beta TCR-transgenic 
mice. This system allowed us to examine the interaction of B7 co- 
stimulators on physiologic antigen-presenting cells (APC) 
with antigen-specific T helper precursor (ThP) cells. We report that 
blocking Thp/B7-1 or B7-2 interactions in a 

primary response differentially affects the cytokine profile 



observed in a secondary stimulation, even in the absence 

of additional anti-B7 antibody. Engagement of B7-2 

in the primary stimulation was found to be essential for 

production of the Th2 cytokine, IL-4, but not the Thl 

cytokines, IL-2 and IFN-gamma, in a secondary stimulation. 

Conversely, inclusion of the anti-B7-l mAb in cultures using highly 

purified naive T cells increased levels of IL-4 and significantly 

depressed levels of IFN-gamma, upon re- stimulation. The 

effect of the anti-B7-2 mAb in reducing IL-4 

production could be overcome by the addition of recombinant IL-4 in 
the primary stimulation. The effects of the anti- 
B7-2 mAb appear to be due to blocking and not 

cross-linking, as F(ab) fragments mimicked the intact antibody. 
Taken together, our data demonstrate that the interaction between 
Thp and B7-2 favors the development of 
Th2 cells. 
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AB The CD28 receptor on T cells with its ligand B7, 

representing the best characterized example of costimulation, has 
recently been demonstrated to interact with two different ligands: 
B7-1 and B7-2. AS101 (ammonium 

trichloro [dioxoethylene-O, O' ] tellurate) , a synthetic immunomodulator 
with minimal toxicity, was previously shown to stimulate 
both mouse and human cells to proliferate and secrete a variety of 
cytokines. We recently found that treatment of advanced cancer 
patients or tumor-bearing mice with AS101 results in a clear 
predominance of Thl responses with a concomitant decrease in 
Th2 response. Our present study demonstrates that AS101 
differentially affects B7-1 and B7-2 molecule 

expression on mouse macrophages: it up- regulates B7-1 expression in 
a dose-dependent manner without affecting B7-2 

expression, which leads to a profound macrophage costimulatory 

activity of purified T cells with soluble anti-CD3. Our results also 

demonstrate the differential inhibitory effect of IL-10 on T cell 

activation in the presence of ASlOl-stimulated accessory 

cells (AC) . We show that when stimulated with AS101, 

AC-dependent T cell activation was more resistant to inhibition by 

IL-10 compared with AC stimulated by LPS. This was due to 

the partial resistance of ASlOl-stimulated macrophages to 

the down-regulation of B7-1 expression by IL-10. In vivo studies 

with ASlOl-treated tumor-bearing mice revealed that the predominance 

in Thl responses- -marked by an increase in IFN-gamma and a decrease 

in IL-4--may be associated in part with the ability of AS101 to 



up-regulate B7-1 expression, which is also related to its 
antitumoral effects. These results suggest that AS101 may be 
clinically effective in conditions involving dysfunctional cytokine 
production . 
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AB In this study we show that uncommitted human CD4+ CD45RA+ RO- CD25- 
CD71- HLA-DR- T cells can be primed for a Th2 phenotype 
before they encounter TCR signals and before they are exposed to 
IL-4 . We found that >99% of uncommitted T cells proliferated upon 
costimulation by immobilized anti-CD3 plus anti-CD28 mAbs 
and differentiated into pure Thl cells. In contrast, uncommitted T 
cells did not respond to stimulation by either anti-CD3 or 
anti-CD28, or by IL-2 alone. Interestingly, 5% of 
uncommitted T cells proliferated efficiently in response to 
stimulation by immobilized anti-CD28 plus IL-2 (in 
the absence of TCR/CD3 signals) and differentiated into pure 
Th2 "precursor" cells. Like murine CD4+ NK1.1+ T cells, 
human Th2 precursors promptly expressed mRNA for 
Th2 cytokines upon stimulation via the TCR/CD3 
complex by anti-CD3 mAb or staphylococcal enterotoxin B, and 
secreted up to 50 ng of IL-4, IL-5, and IL-13 per 10(6) cells. 
Th2 "precursors" developed only in the complete absence of 
IL-4, as addition of 0.1 U (5 pg) of exogenous IL-4 suppressed their 
clonal expansion by >90%, whereas addition of neutralizing anti-IL-4 
mAb had no effect. Together these results suggest that, in vivo, a 
significant fraction of uncommitted T cells may be primed for a 
Th2 phenotype independent of Ag and IL-4 if they are exposed 
to Thl cell-derived IL-2 and simultaneously interact with accessory 
cells bearing the natural CD28 ligands B7-1 and B7 
-2. When stimulated by specific Ag, such primed 
Th2 precursor cells may provide a source of IL-4 to promote 
Th2 immunity. 
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AB CD80(B7-1) and CD86(B7-2) co- stimulatory 

molecules have been reported to activate Thl/Th2 
development pathways differentially. It is well known that 
Langerhans cells (LC) , potent antigen-presenting dendritic cells in 
the epidermis, express several co- stimulatory molecules 
and that this expression is modulated by several cytokines. Based on 
the recently reported effect of interferon ( IFN) -gamma and 
interleukin (IL-) -10 on the expression of CD80 and CD86 by LC, we 
examined the effects of these cytokines on the expression of CD54 
(intercellular adhesion molecule-1) and CD40 in addition to CD80 and 
CD86 on LC, and correlated the expression of each co- 
stimulatory molecule with antigen presentation for a Thl 
clone by cultured LC (cLC) treated with these cytokines. LC cultured 
for 72 h significantly up-regulated MHC class II antigen expression 
and all the co- stimulatory molecules were examined. As 
previously reported, IL-10 or IFN-gamma inhibited the up-regulation 
of CD80 expression. Granulocyte/macrophage-colony- 
stimulating factor (GM-CSF) partially restored the 

suppression of CD8 0 expression induced by IFN-gamma on cultured LC, 
while it had virtually no effect on the inhibition induced by IL-10. 
Antigen presentation for the myoglobin- specif ic syngeneic Thl clone 
by cLC, which were pre-incubated with these cytokines, correlated 
well with their CD80 expression. In addition, among the antibodies 
for CD80, CD86, CD28 or CD40, the suppression of the Thl 
clone stimulation by LC was found to occur only with 
anti-CD80 and anti-CD28 antibodies. Finally, we studied 
the effects of IFN-gamma and IL-10 on GM-CSF production by epidermal 
keratinocytes (KC) . We could show that only IFN-gamma, but not 
IL-10, suppressed GM-CSF production by KC. These findings suggest 
that both IFN-gamma and IL-10 suppress antigen presentation by LC 
for Thl cells by suppressing their CD80 expression. The inhibitory 
effect of IFN-gamma on CD8 0 expression on LC appears to be partially 
mediated through the suppression of GM-CSF production by KC . 
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AB CD28 is a 44kDa homodimer present on T cells providing an 

important costimulatory signal for T cell proliferation, cytokine 
production and cytokine receptor expression. CD28 

activation is mediated by interaction with its counter-receptors, 

B7.1/CD80 and B7 . 2/B70/CD86 . The biochemical 

basis of these co- stimulatory signals are still poorly 



understood, particularly in resting T cells. However, various 

biochemical pathways such as tyrosine phosphorylation, phospholipase 

C, sphingomyelinase and phosphatidylinositol 3-kinase (PI3-K) 

activation have been reported to play a role in CD28 

signaling in tumor T cell lines and CD28-transf ected cells 

or pre-activated T cells. In addition, recent reports propose that 

CD28-B7.1 and B7 . 2 interaction could be 

involved in the production of Thl and Th2 cytokines, 

respectively, but the putative biochemical basis for these different 

functions is still unknown. We have analyzed the functional and 

molecular consequences of CD28 activation by B7 . 1 and 

B7.2 in human resting T cells. We demonstrate in 

this report that both CD28-B7.1 and CD28- 

B7.2 interactions induce the association of PI3-K 

to CD28 in the CD4 subpopulation, whereas it was barely 

detectable in CD 8 cells. This association involves the binding of 

the src homology domain 2 (SH2) of p85 to tyrosine-phosphorylated 

CD28 and does not require pre-activation by CD3-T cell 

receptor. Worthmannin, a specific inhibitor of PI3-K enzymatic 

activity within the nanomolar range also inhibits the interleukin-2 

production induced by costimulation mediated by either the B7.1- and 

B7 .2-transfected cells or CD28 

monoclonal antibodies. The only slight difference between B7 . 1 and 
B7 . 2 costimulation is the IC50 of worthmannin 

being 25 and 110 nM, respectively, which could suggest differences 
in their activation of the T cell PI3-K. 
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AB The interaction of CD28 and its ligands is critical for 

antigen- induced T cell activation. Recent studies have demonstrated 
the existence of at least two members of the B7 receptor family. In 
this report, the co- stimulatory signals provided by CD8 0 
(B7-1) or CD86 (B7-2) were compared to 

CD28 ligation by mAb . We demonstrate that the kinetics of 
induction of T cell proliferation after anti-CD3 stimulation 
was similar regardless of the form of co- stimulation. 
Similarly, B7-1 and B7-2 could both maintain 
long-term expansion of CD4 cells. The co- stimulatory 
effects of both B7-1 and B7-2 were dependent on 
CD28 cross- linking, based on complete inhibition of 
proliferation by CD28 antibody Fab fragments. Co- 
stimulation with B7-1 and B7-2 induced 

high levels of cytokine secretion by resting T cells, and the 
effects of B7-1 and B7-2 could not be 

distinguished. This conclusion is based on analysis of the initial 



activation of CD28+ T cells, as well as T cell 

subpopulations consisting of CD4+ and CD8+ T cells. Both B7-1 and 

B7-2 could elicit IL-4 secretion from CD4+ T cells 

while anti-CD28 antibody induced substantially less IL-4 

secretion. Furthe rrnore , both B7-1 and B7-2 could 

stimulate high levels of IFN-garama and IL-4 from CD4+CD45RO+ 

cells, while neither B7 receptor could co- stimulate 

IFN-gamma and IL-4 secretion from CD4+CD45RA+ T cells. B7-1 and 

B7-2 could, however, co-stimulate 

CD4+CD45RA+ T cells to secrete IL-2. By contrast, when previously 
activated T cells were tested, re- stimulation of CD4+ T 
cell blasts with B7-1 or B7-2 resulted in higher 
secretion of IL-4 and IL-5 than anti-CD28, while re- 
stimulation with anti-CD28 antibody maintained a 
higher level of secretion of IL-2 and IFN-gamma than B7-1 or 
B7-2 . These observations may have important 
implications because they suggest that the manner of CD28 
ligation can be a critical determinant in the development of 
cytokine secretion that corresponds to Thl- and Th2-like 
patterns of differentiation. Together these observations suggest 
that there are no intrinsic differences between B7-1 and B7 
-2 in their ability to co-stimulate the 
populations of cells that we have tested. 
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AB By using superantigens , we have found previously that keratinocytes 
activated by IFN-gamma could serve as accessory cells, providing 
costimulatory signals needed to induce T cell proliferation. Here, 
we compared the profile of cytokines produced by T cells 
stimulated in the presence of activated keratinocytes with 
the response seen using professional APCs . When keratinocytes are 
used as accessory cells there is a specific defect in T cell 
IFN-gamma production, whereas IL-2 and IL-4 are induced at levels 
comparable with those seen when professional APCs are used as 
accessory cells. Because keratinocytes express BB-1, a CD28 
-ligand distinct from B7-1 or B7-2 (which are 

found on professional APCs) , we examined the possibility that the 

defect in IFN-gamma production might be a result of nonproductive 

CD28 engagement. However, even when the CD28 

pathway is directly activated by a stimulatory mAb, there 

is no induction of IFN-gamma production in keratinocyte-supported 

cultures. In these same cultures IL-2 production is increased 



10-fold, thus demonstrating a specific deficiency in the induction 
of IFN-gamma rather than a failure to respond to CD28 
stimulation. Analysis by reverse transcriptase- PCR and ELISA 
for the inducible p40 chain of IL-12 reveals that keratinocytes 
produce little if any messenger RNA and no protein for IL-12 p4 0 
compared with professional APCs . Addition of rIL-12 to 
keratinocyte- supported cultures restores IFN-gamma levels to those 
seen when professional APCs are present. Finally, when T cells are 
restimulated and analyzed at later time points (10 to 14 days) we 
find a refinement in cytokine profiles: T cells stimulated 
in the presence of professional APCs produced the Thl cytokines IL-2 
and IFN-gamma, whereas T cells stimulated in the presence 
of activated keratinocytes produced only the Th2 cytokine 
IL-4 . The specific ability of keratinocytes to induce a Th2 
response seems most closely linked to their absence of IL-12 
production, and may be important in the maintenance of peripheral 
tolerance to self-Ags or in the immune response to exogenous Ags, 
pathogens, or haptens encountered in skin. 
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AB T cell dysfunction in HIV-infected subjects could be the consequence 
of altered sensitivity of CD4+ or CD8+ T cells to various 
costimulatory signals. Therefore, we studied proliferation and 
cytokine production in highly purified CD8+ and CD4+ T cells from 
HIV-infected and HIV- subjects, induced by co-activation via 
cell-bound CD80, CD86 and CD40 or by allo-activation . 
Regardless of the nature of the first and the costimulatory signal, 
CD8+ T cells from patients proliferated consistently less than 
controls, while responses from CD4+ T cells were similar in patients 
and controls. This phenomenon was observed after ligation of CD28 
combined with anti-CD3 or phorbol myristate acetate (PMA) , but also 
after allogeneic stimulation and after activation by CD4 0 
and anti-CD3. Anti-CD3 combined with CD80 or CD86 induced 
a mixed Thl/Th2-type cytokine profile in both CD4+ and 
CD8+ T cells from controls, whereas anti-CD3 plus CD40 induced only 
low levels of Th2-type cytokines and no interf eron-gamma 
(IFN-gamma) in CD4+ T cells. Compared with controls, CD4+ T cells 
from patients produced slightly lower levels of IL-10 but equal 
amounts of IFN-gamma, IL-4 and IL-5, while CD8+ T cells from 
patients produced less of all cytokines tested. In conclusion, 
responses of purified CD4+ T cells from HIV+ subjects to various 
costimulatory pathways are relatively intact, whereas CD8+ T cells 
are hyporesponsive at the level of proliferation and cytokine 
production. A generalized intrinsic CD8+ T cell failure might 
contribute to viral and neoplastic complications of HIV infection. 
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AB For T cells to be optimally activated, recognition of Ag/MHC 

complexes by the TCR must be accompanied by a second, costimulatory 
signal that can be provided efficiently by the related costimulatory 
molecules CD80 (B7-1) and CD86 (B7-2) . Recently, CD80 and 
CD86 have been implicated as differential determinants of 
Thl- vs Th2-type cytokine profiles. However, this remains 
a controversial issue since conflicting results have been obtained 
in different experimental models both in vivo and in vitro. To 
investigate the role of CD8 0 and CD86 in Th subset 

differentiation, we have examined the cytokine profiles induced in 
TCR transgenic T cells stimulated by peptide in 

association with splenic APCs obtained from knockout mice that 
selectively lack expression of either the CD80 or the CD86 
molecule. Our data suggest that CD86, and to a lesser 

extent CD8 0, can make significant contributions to the production of 
both IL-4 and IFN-gamma. However, neither molecule plays an 
obligatory role in priming for the production of either effector 
cytokine. Furthermore, CD8 0 and CD86 contribute to the 
magnitude of T cell activation, but do not appear to selectively 
regulate Thl vs Th2 differentiation. 
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AB Antigen-specific T cell activation requires the engagement of the T 
cell receptor (TCR) with antigen as well as the engagement of 
appropriate costimulatory molecules. The most extensively 
characterized pathway of costimulation has been that involving the 
interaction of CD28 and CTLA4 on the T cell with B7 (now termed 
B7-1) on antigen presenting cells. Recently, B7-2 
a second costimulatory ligand for CTLA4 , was described, 
demonstrating the potential complexity of costimulatory 
interactions. This report examines and compares the expression and 
function of B7-1 and B7-2 . Overall these results 
indicate that (a) B7-1 and B7-2 can be expressed 

by multiple cell types, including B cells, T cells, macrophages, and 
dendritic cells, all of which are therefore candidate populations 
for delivering costimulatory signals mediated by these molecules; 
(b) stimulating B cells with either LPS or anti-IgD-dextran induced 
expression of both B7-1 and B7-2, and peak 

expression of both costimulatory molecules occurred after 18-42 h of 
culture. Expression of B7-2 on these B cell 

populations was significantly higher than expression of B7-1 at all 

times assayed after stimulation; (c) blocking of B7- 

2 costimulatory activity inhibited TCR-dependent T cell 

proliferation and cytokine production, without affecting 

early consequences of TCR signaling such as induction of CD6 9 or 

interleukin 2 receptor alpha (IL-2R alpha) ; and (d) expression of 

B7-1 and of B7-2 can be regulated by a variety 

of stimuli. Moreover, expression of B7-1 and B7-2 

can be independently regulated by the same stimulus, providing an 
additional complexity in the mechanisms available for regulating 
costimulation and hence immune response. 
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AB The adaptive immune response protects us from infection in a world 

of pathogens that is forever evolving new variants. As the system is 
built on the generation of an open repertoire of receptors, the 
recognition of self is unavoidable, and is guarded against by 
deletion during lymphocyte development of those cells that are 
specific for ubiquitous self antigens, and the silencing of those 
that are specific for self antigens only encountered after cells 
achieve functional maturity in the periphery. This silencing occurs 
when lymphocytes recognize antigens in the absence of suitable 
costimulatory molecules. By contrast, when the same cell encounters 
the same ligand on a cell that expresses costimulatory molecules, it 
will proliferate and differentiate into an effector cell. These 
effector cells mediate protective immunity when the antigen is 
carried by a pathogen, but they can mount autoimmune responses if 
the antigen is derived from self. The major costimulatory molecules 
for CD4 T cells appear to be B7 and B7 . 2 that 

bind to the CD28 and CTLA-4 receptors on the T cell. The signals 
from the TCR appear to be integrated with those from the 
costimulator receptor, and the T cell response depends on the 
precise nature of these signals, further conditioned by 
cytokines present in the environment of the responding cell. 
B cells can be viewed in a similar way, with the costimulatory 
molecule CD4 0 ligand and cytokines coming mainly from CD4 
helper T cells determining the fate of the responding B cell. The 
TCR is not simply an on and off switch, since the precise way in 
which the TCR is ligated determines the differentiation of the T 
cell and can alter the effector responses of established T cell 
lines. Thus, the response capabilities of T cells are more flexible 
than originally believed, and much of this flexibility comes from 
the interplay of TCR signals and signs from the environment. If the 
biochemical nature of these differential signaling pathways were 
known, it might be possible to develop simple pharmacological agents 
capable of diverting T cell responses from harmful to innocuous by 
getting the T cell to reinterpret the signals it is receiving via 



its receptors . (ABSTRACT TRUNCATED AT 400 WORDS) 
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AB CD4 T helper precursor cells mature along two alternative pathways, 
Thl and Th2 . Here we show that these pathways are differentially 
activated by two costimulatory molecules, B7-1 and B7- 
2. Using anti-B7 antibodies, this developmental step was 
manipulated both in vitro and in vivo in experimental 
allergic encephalomyelitis (EAE) . Anti-B7-1 reduced the 
incidence of disease while anti-B7-2 increased 

disease severity. Neither antibody affected overall T cell induction 
but rather altered cytokine profile. Administration of anti-B7-l at 
immunization resulted in predominant generation of Th2 clones whose 
transfer both prevented induction of EAE and abrogated established 
disease. Since co-treatment with anti-IL-4 

antibody prevented disease amelioration, costimulatory molecules may 
directly affect initial cytokine secretion. Thus, interaction of 
B7-1 and B7-2 with shared counterreceptors CD28 

and CTLA-4 results in very different outcomes in clinical disease by 
influencing commitment of precursors to a Thl or Th2 lineage. 



